Background: Although Medicare claims data have been increasingly used to examine the patterns and outcomes of cancer chemotherapy, their external validity has not been well studied. Objectives: We sought to validate Medicare claims for chemotherapy compared with medical chart reviews. Patients and Methods: We completed medical chart reviews for 1228 women who were diagnosed with breast cancer at age 65 and older between 1993 and 1999 in New Mexico that were linked with Medicare claims data, achieving an estimated sensitivity of more than 90% and a 0.05 level of precision. Results: Of the 150 subjects identified by Medicare claims as receiving chemotherapy within 6 months of diagnosis, 75% were confirmed by medical records as having received chemotherapy. Of the remaining 25% of cases without chart verification, (1) 33 cases had 7 or more claims for chemotherapy and also had specific chemotherapy drugs indicated in Medicare data, representing 22% (33/150) of all cases that received chemotherapy according to Medicare claims and (2) 4 cases had 1 to 6 claims for chemotherapy, representing 3% (4/150) of all cases with claims for chemotherapy. Of those 1078 subjects who did not receive chemotherapy according to Medicare claims, more than 99% were confirmed by chart reviews. Observed agreement on chemotherapy between Medicare claims and chart reviews was 94% and overall reliability (kappa) was 0.69 (95% confidence interval ϭ 0.63-0.76). Conclusions: Of cases identified as receiving chemotherapy by Medicare claims, 97% had strong evidence and only 3% had weak evidence for receiving this therapy.
M edicare claims data have been increasingly used in studies of health care outcomes during the past decade. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] More recently, Medicare claims data or tumor registry data 34 have been used to identify patients with cancer who received chemotherapy. Because of concerns about the completeness of information on chemotherapy, the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) program does not release this information in the public-use dataset. 4, 16, 17, [35] [36] [37] Warren and colleagues recently reported the findings of a study on a random sample of cases from selected SEER tumor registries, known as the Patterns of Care (POC) study, which was initiated by the National Cancer Institute. 17 Warren compared the chemotherapy information in Medicare claims to the POC study data on chemotherapy administration that was verified by the hospital medical records or by treating physicians. There was 98% agreement between Medicare claims and the POC study about whether subjects received chemotherapy for breast cancer, with a kappa of 0.82. Although the validity varied by type of cancer, overall agreement on the use of chemotherapy between these 2 databases was good for colon, rectal, and ovarian cancers. However, there has been no other study that externally validated chemotherapy information in Medicare claims. We undertook a study to validate Medicare claims for chemotherapy by comparing them to an independent medical chart review among patients diagnosed with breast cancer at age 65 or older in the state of New Mexico. This report presents the primary findings of this external validation study.
PATIENTS AND METHODS
The Institutional Review Boards of the University of Texas Medical Branch and the University of New Mexico, and the Committee for the Protection of Human Subjects at the University of Texas Health Science Center at Houston approved this study.
Study Population and Sample Size Required
The primary goal of this current study was to compare an independent medical chart review on chemotherapy administration with Medicare claims for chemotherapy. Sample size considerations were therefore driven by the precision desired for estimating sensitivity. Sample size also is determined by the prevalence of chemotherapy use. We expected that the sensitivity of Medicare claims for chemotherapy was at least 90%. For this estimate of sensitivity, our study requires a total of 134 cases with chemotherapy to achieve a 0.05 level of precision. 38 According to our previous reports, 18, 19 approximately 11% of women ages 65 years or older with breast cancer received chemotherapy. On the basis of this estimate, a total of 1218 patients with breast cancer were required to obtain 134 cases receiving chemotherapy.
Eligible cases should have both Medicare claims and medical chart review data. We aimed to include subjects with the most recent dates of cancer diagnosis because the New Mexico Tumor Registry investigators found it more difficult to locate the medical charts of patients with distant diagnosing dates. We first identified 1733 women who were diagnosed with stage I-IV breast cancer at age 65 or older between 1993 and 1999 in New Mexico. These included 2 groups of subjects: 905 cases from 1993 to 1996 that were from the available SEER-Medicare linked databases and 828 cases from 1997 to 1999 that were from the New Mexico Tumor Registry and were not linked to Medicare at the time of study. For cases diagnosed in 1997-1999, we obtained Medicare claims from the Center for Medicare and Medicaid Services (CMS). The linkage between the registry data and Medicare enrollment files was conducted by CMS with assistance from the New Mexico Tumor Registry. After the 2 databases were linked through social security numbers and gender, the CMS created and sent the merged data files to the registry. We excluded women who did not have full coverage of both Medicare Part A and Part B, or who were members of Health Maintenance Organizations in the year of diagnosis, because claims from these organizations may not be included in Medicare databases.
Of the 1733 potential cases, 1241 subjects had medical charts reviewed. Of these, 13 had incomplete abstraction forms, leaving 1228 cases for the final analysis. We compared the 1228 cases that had charts reviewed to the 492 eligible cases that did not have charts reviewed, and found no significant difference in the distribution of age between the 2 groups. However, those with chart reviews were more likely to have been diagnosed in 1997-1999 than those without (58% versus 22%).
Medical Chart Reviews and Medicare Claims for Chemotherapy Medical Chart Reviews for Chemotherapy
The data collection form was initially pilot-tested on 20 cases. After a few minor modifications, the final abstract form contained 3 pages. The first page, which was kept at all times at the New Mexico Tumor Registry for confidentiality purposes, included the case identification (ID) number, name, social security number, name and address of the diagnosing facility and, if different, the names and addresses of facilities which provided surgery, radiation therapy, or chemotherapy. The second page contained the ID number, date of birth, date of breast cancer diagnosis, age at diagnosis, chemotherapy treatment (yes or no), type of chemotherapy, and date of therapy. Finally, the abstractor recorded where the chemotherapy information was obtained from, covering one or more chart data sources such as hospitals, oncologists' offices, radiology departments, or other physicians' offices. A subject was defined as having received chemotherapy according to chart reviews if any of these 4 chart sources (hospital, oncologist's office, radiology department, and other physician's office) indicated a receipt of chemotherapy. The third page was for information on hormone therapy for breast cancer. The data collection was conducted from March 2001 through February 2003.
The data abstractor sorted the 1733 eligible cases according to the hospitals where a breast cancer diagnosis was made. Although these cases were not selected randomly for medical chart review, the data abstractor worked through the list of cases according to the order of the identification number, and aimed to review medical charts for as many cases as possible during her visit to the hospital or to the oncologist's office across the state of New Mexico. If the medical records were not available during the visit, the data abstractor attempted to complete the abstraction form at the next visit, and so on until the desired sample size was reached.
After chart reviews were completed for 1228 cases as needed per our power analysis, our analysis indicated that a low percentage (25%) of the cases' records was reviewed from oncologists' offices. This was concerning because chemotherapy is administered most often in a medical oncologist's office. To address this concern, we conducted a second medical chart review for 150 subjects between August and October 2004, with a focus on contacting oncologists' and surgeons' offices. These cases were randomly selected from 2 groups of patients: those with Medicare claims for chemotherapy that lacked the first medical chart verification and those without Medicare claims for chemotherapy. The second medical chart abstractor was blinded to these cases' chemotherapy status according to Medicare claims or the first medical chart review. Of the 150 cases, 3 medical chart reviews were incomplete, leaving 147 cases for the final analysis for the second chart review.
Medicare Claims for Chemotherapy
The Medicare Program, administered by the CMS, covers medical services for more than 97% of persons aged 65 or older. A subject was defined as having received chemotherapy according to Medicare data if there was a claim for chemotherapy administration in any of 3 Medicare claims files (inpatient, outpatient, or physician claims). Detailed descriptions of the methods for defining chemotherapy in Medicare data are reported elsewhere. 18, 19 In brief, claim codes for chemotherapy included the ICD-9-CM procedure code of 99.25, 39 the Common Procedure Terminology codes of 96400 -96549, J9000 -J9999, or Q0083-Q0085, 40, 41 revenue center codes of 0331, 0332, or 0335, 42 and the ICD-9-CM V codes 39 
Analyses
The kappa statistic was calculated to quantify the degree of agreement (overall reliability) on the receipt of chemotherapy between the 2 databases, adjusting for chance agreement. The concordance or observed agreement rate (ie, number of cases agreed on the receipt of chemotherapy over the total number of cases) was also calculated. These analyses were repeated using different time periods (within 6 months and after 6 months of diagnosis). The analyses were also stratified by the source of medical charts for documenting chemotherapy, tumor stage, hormone therapy, and year of diagnosis. The Breslow-Day test was used for testing homogeneity across the strata. All analyses were completed using the SAS system. 43
RESULTS
A total of 1228 women diagnosed with breast cancer at age 65 years or older in 1993-1999 were available for the final analysis. At least 1 of the following 4 chart sources was checked: hospital (where a diagnosis usually was made), oncologist's office, radiology department, and other physician's office. Medical charts were reviewed for 100% of patients in hospitals. Of the 1228 cases, 25% also were reviewed in oncologists' offices, 20% in other physicians' offices, and 17% in radiology departments, whereas the corresponding percentages were 40%, 19%, and 16%, respectively, for those 108 cases that received chemotherapy according to chart reviews. Among 1228 subjects, 32% had records from at least 2 different sites, 13% from 3 sites, and 1% from all 4 sites, whereas 32%, 19%, and 1%, respectively, were for 108 cases with chemotherapy. Table 1 presents comparisons between medical chart reviews and Medicare claims on the receipt of chemotherapy. Because chemotherapy was initiated at different time periods after diagnosis, we used the same time window of capturing treatment information (6 months) to make the data compatible between the 2 datasets. Of the 150 subjects identified by Medicare claims as receiving chemotherapy within 6 months of diagnosis, 90 (60%) cases were confirmed by medical records as having received chemotherapy, and 60 (40%) cases were not identified by chart reviews. Of those 1078 subjects who did not receive chemotherapy according to Medicare claims, more than 99% were confirmed by chart reviews. Observed agreement was 94% and overall reliability (kappa) was 0.69 (95% confidence interval of 0.63-0.76). Of the 90 subjects who received chemotherapy per both data sources, 41% agreed on the same day of therapy, 59% within 5 days, 69% within 10 days, and 86% within 30 days of chemotherapy.
When analyzing those 27 cases receiving chemotherapy after 6 months of diagnosis in Medicare claims, only 1 case was identified by chart review as receiving this therapy after 6 months of diagnosis. The observed agreement rate was 97%, and kappa was low ( Table 1 ). The test for homogeneity between these 2 time intervals was statistically significant (P Ͻ 0.01). Table 2 presents comparisons between Medicare claims and the first medical chart review on the receipt of chemotherapy, stratified by the source of the medical charts, tumor stage, hormone therapy, and the year of diagnosis. The kappa statistic was higher in cases that were confirmed with oncologist's office records compared with those without (0.78 vs. 0.66). The test for homogeneity between these 2 groups was not significant (P ϭ 0.624). The test for homogeneity also was not significant in subjects who were checked in radiation departments compared with those without, in cases that received hormone therapy versus those that did not, in subjects with stages I-II versus stage III-IV cancer, and in cases diagnosed in 1993-1996 versus 1997-1999. The agreement was lower in those who were checked in other physicians' offices compared with those without (P ϭ 0.02).
Of the 147 cases in the second medical chart review, 78% were checked in oncologists' (48%) or surgeons' (30%) offices, and 95% were checked with these offices or cancer specialist treatment centers. The remaining 5% were obtained from the neighboring state cancer registries. Twenty-three (38.7%) of the 60 cases that had chemotherapy according to Medicare claims but not identified by the first chart review were confirmed by the second chart review as receiving chemotherapy. Of the 31 cases that had chemotherapy according to the second chart review, 77.4% were not identified by the first chart review.
We further examined the Medicare chemotherapy claim patterns for those 60 cases that had claims for chemotherapy but lacked medical record verification in the first chart review, compared with those 90 cases that were confirmed by medical records as receiving chemotherapy (Table 3) . We calculated the number of claims for chemotherapy that were filed in Medicare inpatient, outpatient, or physician service claims. Of the 90 cases, none had 1 claim, 3% had 2 to 6 claims, and 97% had 7 or more claims for chemotherapy, which was significantly different from those 60 cases that did not have medical record confirmation (P ϭ 0.03), among whom 5% had 1 claim, 7% had 2 to 6 claims, and 88% had 7 or more claims for chemotherapy (Table 3) . This difference was attributable to the 3 cases without chart verification that had 1 claim only, because the distribution of the number of claims was not significantly different (P ϭ 0.125) between the 2 groups when these 3 cases were excluded. We also examined the distribution of other factors between these 2 groups of patients. There was no significant difference in the location of medical charts reviewed for chemotherapy in subjects with medical chart verification versus those without. There were also no significant differences in the distribution of age, year of diagnosis, and vital status between the 2 groups except for tumor stage (66% of those who did not have chart confirmation had early-stage cancer compared with 51% of those who had chart verification). Table 4 presents the summary of the findings on the validity of Medicare claims for chemotherapy within 6 months of diagnosis compared with both chart reviews. More than 75% (113/150) of cases that received chemotherapy according to Medicare claims were confirmed by one of the chart reviews. Of the remaining 25% (37/150) of cases (1) 33 cases had 7 or more claims for chemotherapy and also had specific chemotherapy drugs indicated in Medicare data, representing 22% (33/150) of all cases that received chemotherapy according to Medicare claims and (2) 4 cases had 1 to 6 claims for chemotherapy, representing 3% (4/150) of all cases that received chemotherapy according to Medicare claims.
DISCUSSION
The primary question addressed by this study was whether Medicare claims data provide valid information on chemotherapy for patients known to have breast cancer. We examined this question by comparing Medicare claims to medical chart reviews. Among those cases identified as receiving no chemotherapy by Medicare claims, more than 99% were confirmed by medical records. Major concern, however, is that a substantial number of patients with Medicare claims for chemotherapy were not identified in medical records as having actually received it. There are 2 potential explanations for this. First, it is possible that the patients who did not have medical chart evidence of having received chemotherapy truly did not receive it, ie, their Medicare claims were erroneous or fraudulent. Second, the chart review process may have lacked accuracy or completeness. We will discuss these explanations further below.
We believe in the accuracy and completeness of Medicare claims for chemotherapy for the following reasons. First, chemotherapy is one of the few drug treatments covered by the Medicare program. Because chemotherapy drugs are expensive, patients would be highly likely to file a claim with Medicare if they are eligible to do so. Second, Medicare is a nationwide insurance program, covering medical services regardless of where patients seek their care in the country. In contrast, if patients received chemotherapy outside the state of New Mexico, their medical records would not be accessible for review within the scope of this study. Third, the nature of chemotherapy administration typically requires 4 to 12 cycles of combination chemotherapy, lasting for 3 to 8 months. Within each cycle, some drugs may need to be repeated within 8 days of the first dose. For example, the combination chemotherapy regimen CMF (ie, cyclophosphamide, methotrexate, and fluorouracil) commonly is used for women with breast cancer. Methotrexate and fluorouracil are given on day 1 for each cycle and are repeated on day 8 to complete 1 of the 6 cycles in total. Therefore, even though an occasional claim may be lost or not filed, it is highly unlikely for all these treatment records to be missing from Medicare claims. Moreover, because chemotherapy is primarily administered intravenously at outpatient clinics under the supervision of specialists (usually medical oncologists, rarely by other clinicians) and also medical providers are expected to file claims for reimbursement for both drug costs and drug administration fees, the increasing number of claims is clinically realistic and strong evidence for the occurrence of chemotherapy administration. Although we cannot rule out the possibility of fraudulent Medicare claims, the criminal and civil penalties resulting from charging Medicare for nonexistent services would serve as a strong incentive against this.
The second potential explanation is a deficiency in the chart review process. In this study, our initial chart review effort started at the hospitals where the diagnosis and initial treatments were given. If the diagnosing hospitals noted that patients were referred to medical oncologists, medical records were checked in those oncologists' offices. Several hospital cancer centers had a single chart for inpatient and outpatient treatments, under which circumstance the abstractors recorded this information as being obtained from the hospital instead of from the oncologist's office. Although all hospitals, cancer treatment centers, and all 7 free-standing oncology groups in New Mexico were visited, it is evident that not all patients' records were reviewed in their medical oncologists' offices. It would have been more advantageous to base the review on the oncologists' offices regardless of whether the hospital notes indicated that patients were referred to them, even though checking more than 1200 cases in every oncologist's office across the state of New Mexico would have been a huge task.
There were some variations in the agreement of information on chemotherapy between the 2 data sources. For example, the agreement was higher in cases that were confirmed with oncologists' office records compared with those other chart sources reviewed ( Table 2) . This is likely attributable to the fact that chemotherapy is primarily administered by medical oncologists in their offices. To address the concern about a low percentage of patients' charts reviewed in oncologists' offices, we performed a second medical chart review for a random sample of 147 cases. Of the 147 cases, 78% were reviewed in physicians' offices (48% in oncologists' offices and 30% in surgeons' offices), and 95% were checked with these offices or cancer specialist treatment centers. Of the 31 patients who had chemotherapy on this review, 77% were not so identified by the first chart review. This improved ability to detect chemotherapy in the medical records is likely due to more comprehensive reviews of medical records from their oncologist's office or a cancer treatment center where the patients actually received chemotherapy, compared with the first chart review. However, we did not have information on how many patients were truly referred to medical oncologists before or after surgery in New Mexico, and there was little information on the referral to medical oncologists. 44 -46 It is often assumed that all patients with breast cancer be referred to medical oncologists, but that is not what has been observed in breast cancer practice. 44 -48 Two studies recently reported that just 19% to 29% of women ages 65 or older with breast cancer in SEER areas were referred to medical oncologists before surgery. 47, 48 Two earlier studies showed that 50% of women ages 65 or older with breast cancer did not have consultations with medical oncologists after surgery. 44, 45 Finally, in a recent analysis among Medicare beneficiaries, only 45% of patients with breast cancer were referred to medical oncologists (J. Warren, personal communication, 2004 ). These studies demonstrate that older women were substantially less likely to be referred to medical oncologists. 44 -48 Many older patients may be treated by primary care physicians or surgeons for hormone therapy instead of chemotherapy, and some patients may refuse to see oncologists. 46 Furthermore, medical records themselves may have lacked the chemotherapy information, particularly in patients who received this therapy at out-of-state facilities, in which case claims for chemotherapy could still have been filed in Medicare. Previous studies showed that medical records often do not completely or accurately represent the care rendered to patients or certain aspects of their diseases, and some specific treatments may not have been well documented, especially in outpatient records. 49 Our assessment that the chart review process may have been problematic for some cases in our study is supported by the fact that 77% of cases identified by the second chart review as receiving chemotherapy were missed by the first chart review. Thus, we conclude that our findings with respect to those cases without medical chart verification but with a large number of claims, in particular, are more likely due to the failure of finding confirmatory information in medical records, and less likely due to fraudulent Medicare claims.
Our study has several other limitations. First, this analysis only used Medicare claims for women identified from SEER or the New Mexico Tumor Registry as having been diagnosed with breast cancer. The validity of chemotherapy for nonregistry cases is unknown, particularly in women younger than the age of 65. Second, this study included only those women with breast cancer whose tumor registry data were linked with Medicare claims data, those with both Medicare Part A and Part B coverage, and those who were not enrolled in health maintenance organizations. It is unknown how the 2 data sources would agree on chemotherapy in excluded cases. Third, there were only a very small number of cases receiving chemotherapy more than 6 months after diagnosis, and only 1 case with Medicare claim for chemotherapy was confirmed by the chart review. This resulted in a low kappa statistic because of a sparse distribution of cases with chemotherapy, although the observed agreement was excellent (97%). This problem is a common occurrence when using kappa in this situation, which was well described as 'mal-distribution' by Feinstein. 50 Therefore, our findings for those cases receiving chemotherapy within 6 months of diagnosis may not be generalizable to those receiving chemotherapy after 6 months of diagnosis. Finally, the findings in New Mexico may not be generalizable to other SEER registries. However, our findings were consistent with the only other external validation of Medicare claims for cancer chemotherapy in selected SEER areas, 17 and were indirectly supported by the good validity of Medicare claims for surgery and radiotherapy. 10, 13, 14, 51 In summary, we conclude that (1) more than 75% of cases with Medicare claims for chemotherapy within 6 months of diagnosis have been externally validated as having received chemotherapy; (2) an additional 22% of cases with Medicare claims for chemotherapy had strong evidence for the receipt of chemotherapy; and (3) only 3% of cases with Medicare claims for chemotherapy had weak evidence for receiving this therapy (Table 4 ). Future validation studies may consider a number of strategies based on our results. First, reviewing all potential records in oncologists' offices will help increase the rate of medical record confirmation of the receipt of chemotherapy. This review will be essential to validate the number of chemotherapy cycles in particular, although it may also be labor-intensive. We also recommend conducting exploratory analyses that examine the impact of including versus excluding those 3% of cases with only 1 to 6 Medicare claims for chemotherapy. Because Medicare covers all service claims regardless of where the medical care was provided, the claims database can potentially capture patients with cancer chemotherapy that may be missed by other data sources (such as tumor registry and chart review) and therefore may provide a more complete picture of those receiving this treatment. However, because the chart review identified a few cases that received chemotherapy despite having no Medicare claims for this therapy, we recommend that the combined data from multiple data sources for cancer chemotherapy be used whenever available. 
